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(57) ABSTRACT 

Methods and kits are provided for determining an increased 
likelihood of the occurrence of a cardiac arrhythmia, myo 
cardial ischemia, congestive heart failure and other diseased 
conditions of the heart. The methods and kits comprise 
measuring serum NGF levels in a subject and detecting 
increases in NGF levels over baseline. The methods may 
further comprise initiating preventive therapy in response to 
a detected increase in serum NGF levels. 
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METHODS FOR THE PREDICTION OF 
ARRHYTHMIAS AND PREVENTION OF SUDDEN 

CARDIAC DEATH 

RELATED APPLICATIONS 

[0001] This application claims a priority to Provisional 
Application Ser. No. 60/741,172, ?led on Nov. 30, 2005, 
Which is incorporated herein by reference in its entirety. 

GOVERNMENT INTEREST 

[0002] This invention Was made in part With government 
support under Grant R01 HL66389, awarded by the National 
Institutes of Health. The government may have certain rights 
to this invention. 

FIELD OF THE INVENTION 

[0003] The invention generally relates to medical diag 
nostic methods and kits for the prediction of cardiac arrhyth 
mias and the prevention of sudden cardiac death. 

BACKGROUND OF THE INVENTION 

[0004] Sudden cardiac death (SCD) is a major public 
health problem that accounts for more than half of all 
cardiovascular deaths. SCD takes the lives of approximately 
450,000 people in the United States each year, more than 
lung cancer, breast cancer, stroke, and AIDS combined. 
Most cases of SCD are due to ventricular arrhythmias and 
there is often an element of underlying ischemic heart 
disease. Ventricular tachycardia (VT) and ventricular ?bril 
lation (VF) are different types of ventricular arrhythmias. 
VT is an abnormally fast ventricular heart rhythm Which is, 
by itself, typically not fatal. VF is a chaotic ventricular heart 
rhythm Which produces little or no net blood ?oW from the 
heart, such that there is little or not net blood How to the 
brain and other organs. VF, if not terminated, results in 
death. Patient groups most at risk of ventricular arrhythmias 
leading to SCD include those With an acute or chronic 
myocardial infarction. Accordingly, deaths from SCD may 
be loWered by preventing the speci?c heart rhythm distur 
bances (ventricular arrhythmias) associated With it. 

[0005] Different treatment options exist for SCD. The 
most common treatment includes implantable cardiac 
de?brillators (ICD) and drug therapy. Current ICD technol 
ogy, hoWever, only provides for the detection and recogni 
tion of an arrhythmia based on the sensed heart rate once it 
has already started. This leaves very little time to protect the 
individual from sudden cardiac death. Although there have 
been several attempts at developing neW technology for 
predicting the onset of a cardiac arrhythmia, many of these 
methods and systems appear to rely primarily on events 
occurring Within the heart, such as sensed heart rate and 
electrocardiography (ECG). For example, US. Pat. No. 
6,308,094 discloses a method and device for predicting 
cardiac arrhythmias by gathering and processing electrocar 
diographic data, such as intervals betWeen heart beats (RR 
series) or other heart signals, to predict the occurrence of a 
cardiac arrhythmia. US. Pat. No. 6,516,219 discloses a 
method and apparatus for forecasting arrhythmia based on 
real-time intact intracardiac electrograms. 

[0006] There currently exists no method of predicting 
cardiac arrhythmias Well in advance of their occurrence that 
Would alloW for the institution of preventive and/ or amelio 
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rative therapy. A method and kit for predicting the occur 
rence of arrhythmias that alloWs preventive measures to 
prevent sudden cardiac death Would thus represent a great 
advance in the art. 

SUMMARY OF INVENTION 

[0007] Methods and kits are provided for determining an 
increased likelihood of the occurrence of a cardiac arrhyth 
mia, myocardial ischemia, and/or other diseased condition 
of the heart. The methods and kits disclosed herein generally 
comprise measuring the plasma and/ or serum levels of nerve 
groWth factor or NGF in a patient and detecting increases in 
plasma and/or serum level NGF as a predictor of cardiac 
arrhythmias. The methods of the present invention alloW for 
the timely institution of preventive therapy for arrhythmia 
and/or SCD. 

[0008] Any one or more pharmacologic agent(s) may be 
used in connection With the delivery of therapy. Such 
pharmacologic agents may include those Which are effective 
in treating cardiac arrhythmias, myocardial ischemia, con 
gestive heart failure, and any other diseased condition of the 
heart. Pharmacologic agents Which may be used in connec 
tion With the delivery of anti-arrhythmic therapy may 
include, but are not limited to, those Which are knoWn to 
exert anti-arrhythmic effect, such as sodium channel block 
ers, [3-blockers, potassium channel blockers, such as amio 
darone and solatol, and calcium channel blockers, such as 
verapamil and diltiaZem. Pharmacologic agents suitable for 
the treatment of myocardial ischemia may include, but are 
not limited to, statins, angiotensin-converting enZyme 
(ACE) inhibitors, aspirin, beta blockers, calcium channel 
blockers, and nitrates. Other suitable pharmacologic agents 
may include anti-convulsant agents, including but not lim 
ited to phenytoin, carbamaZepine, valproate, and phenobar 
bitone, to name a feW, Which are believed to have anti 
arrhythmic effect. 

[0009] The methods and kits of the present invention 
permit the rapid, noninvasive detection and measurement of 
serum and/or plasma NGF for the prediction of an occur 
rence of arrhythmia and/or SCD requiring early therapeutic 
intervention. The above and other objects, features and 
advantages Will become apparent to those skilled in the art 
from the folloWing description of the preferred embodi 
ments. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0010] Methods and systems are disclosed for determining 
an increased likelihood of the occurrence of a cardiac 
arrhythmia and for the prevention of SCD. The methods and 
systems disclosed herein comprise measuring serum and/or 
plasma NGF levels of a patient and determining an increase 
in baseline serum and/or plasma NGF levels in the patient 
beyond normal values of about 10 mg/ml. In a preferred 
embodiment, the present invention provides a method for 
determining an increased likelihood of the occurrence of a 
cardiac arrhythmia comprising measuring serum and/or 
plasma NGF levels in a subject; and detecting an increase in 
said NGF levels. In another preferred embodiment of the 
present invention, a kit is provided for the rapid, non 
invasive detection and measurement of serum and/ or plasma 
NGF levels for the prediction of cardiac arrhythmias. 
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[0011] A signi?cant advantage of the present invention is 
its speed and non-invasiveness. For example, patients’ 
peripheral veins may be used to obtain small amounts of 
serum for detection and measurement of NGF levels. The 
present invention eliminates the need for invasive proce 
dures and the test results can be almost instantly obtained. 

[0012] The serum NGF levels of a patient may be moni 
tored by assays Well knoWn in the art, such as, but not 
limited to, immunoassays, including enZyme-linked immu 
noassays (ELISA). Commercial kits are also available for 
measuring NGF levels. Commercially available NGF kits 
include the Promega NGF Emax® ImmunoAssay, for 
example, Which provides optimiZed reagents and a protocol 
for the sensitive and speci?c detection of biologically active 
nerve groWth factor. The assay uses horseradish peroxidase 
conjugated secondary antibody and a single-component 
TMB substrate for the ?nal chromogenic detection of bound 
NGF. 

[0013] “NGF” or “nerve groWth factor” described herein 
preferably refers to beta-NGF, and more preferably to the 
mature form of beta-NGF. 

[0014] Antibodies useful in the immunoassay-based meth 
ods and kits of the present invention include polyclonal and 
monoclonal antibodies, chimeric, single chain, and human 
iZed antibodies, as Well as Fab fragments, including the 
products of a Fab or other immunoglobulin expression 
library. With respect to antibodies, the term, “immunologi 
cally speci?c” refers to antibodies that bind to one or more 
epitopes of NGF, but Which do not substantially recogniZe 
and bind other molecules in a sample containing a mixed 
population of antigenic biological molecules. 

[0015] Antibodies useful in the kits and methods of the 
present invention are those exhibiting speci?c binding a?in 
ity for NGF, i.e. the antibody binds to NGF With greater 
af?nity than it binds to other compounds under speci?ed 
conditions. Antibodies or antibody fragments having spe 
ci?c binding a?inity to NGF may be used in kits and 
methods for detecting the presence and/or amount of NGF in 
a sample by contacting the sample With the antibody or 
antibody fragment under conditions such that an immuno 
complex forms and detecting the presence and/or amount of 
the compound conjugated to the antibody or antibody frag 
ment. 

[0016] The term “polyclonal” refers to antibodies that are 
heterogeneous populations of antibody molecules derived 
from the sera of animals immuniZed With an antigen or an 
antigenic functional derivative thereof. For the production of 
polyclonal antibodies, various host animals may be immu 
niZed by injection With the antigen. Various adjuvants may 
be used to increase the immunological response, depending 
on the host species. 

[0017] “Monoclonal antibodies” are substantially homog 
enous populations of antibodies to a particular antigen. They 
may be obtained by any technique that provides for the 
production of antibody molecules by continuous cell lines in 
culture. Monoclonal antibodies may be obtained by methods 
knoWn to those skilled in the art. See, for example, Kohler, 
et al., Nature 256:495-497, 1975, and US. Pat. No. 4,376, 
1 10. 

[0018] The term “antibody fragment” refers to a portion of 
an antibody, often the hypervariable region and portions of 
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the surrounding heavy and light chains, that displays speci?c 
binding af?nity for a particular molecule. A hypervariable 
region is a portion of an antibody that physically binds to the 
target compound. The term “antibody fragment” also 
includes single charge antibodies. 

[0019] The present invention provides antibodies capable 
of immunospeci?cally binding to NGF in order to measure 
plasma or serum NGF levels. Polyclonal or monoclonal 
antibodies directed toWards NGF may be prepared according 
to standard methods. Monoclonal antibodies may be pre 
pared according to general hybridoma methods of Kohler 
and Milstein, Nature (1975) 256:495-497), the trioma tech 
nique, the human B-cell hybridoma technique (KoZbor et al., 
Immunology Today (1983) 4:72) and the EBV-hybridoma 
technique (Cole et al., Monoclonal Antibodies And Cancer 
Therapy, pp. 77-96, Alan R. Liss, Inc., 1985). 

[0020] Antibodies utiliZed in the present invention may be 
polyclonal antibodies, although monoclonal antibodies are 
preferred because they may be reproduced by cell culture or 
recombinantly, and may be modi?ed to reduce their antige 
nicity. Polyclonal antibodies may be raised by a standard 
protocol by injecting a production animal With an antigenic 
composition, formulated as described above. See, e.g., Har 
loW and Lane, Antibodies: A Laboratory Manual, Cold 
Spring Harbor Laboratory, 1988. In one such technique, an 
NGF antigen comprising an antigenic portion of the NGF 
polypeptide is initially injected into any of a Wide variety of 
mammals (e.g., mice, rats, rabbits, sheep or goats). Alter 
natively, in order to generate antibodies to relatively short 
peptide portions of NGF, a superior immune response may 
be elicited if the polypeptide is joined to a carrier protein, 
such as ovalbumin, BSA or KLH. The peptide-conjugate is 
injected into the animal host, preferably according to a 
predetermined schedule incorporating one or more booster 
immunizations, and the animals are bled periodically. Poly 
clonal antibodies speci?c for NGF may then be puri?ed 
from such antisera by, for example, af?nity chromatography 
using the polypeptide coupled to a suitable solid support. 

[0021] Alternatively, for monoclonal antibodies, hybrido 
mas may be formed by isolating the stimulated immune 
cells, such as those from the spleen of the inoculated animal. 
These cells are then fused to immortalized cells, such as 
myeloma cells or transformed cells, Which are capable of 
replicating inde?nitely in cell culture, thereby producing an 
immortal, immunoglobulin-secreting cell line. The immortal 
cell line utiliZed is preferably selected to be de?cient in 
enZymes necessary for the utiliZation of certain nutrients. 
Many such cell lines (such as myelomas) are knoWn to those 
skilled in the art, and include, for example: thymidine kinase 
(TK) or hypoxanthine-guanine phosphoriboxyl transferase 
(HGPRT). These de?ciencies alloW selection for fused cells 
according to their ability to groW on, for example, hypox 
anthine aminopterinthymidine medium (HAT). 

[0022] Preferably, the immortal fusion partners utiliZed 
are derived from a line that does not secrete immunoglobu 
lin. The resulting fused cells, or hybridomas, are cultured 
under conditions that alloW for the survival of fused, but not 
unfused, cells and the resulting colonies screened for the 
production of the desired monoclonal antibodies. Colonies 
producing such antibodies are cloned, expanded, and groWn 
so as to produce large quantities of antibody, see Kohler and 
Milstein, 1975 Nature 256:495 (the disclosures of Which are 
hereby incorporated by reference). 
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[0023] Large quantities of monoclonal antibodies from the 
secreting hybridomas may then be produced by injecting the 
clones into the peritoneal cavity of mice and harvesting the 
ascites ?uid therefrom. The mice, preferably primed With 
pristine, or some other tumor-promoter, and immunosup 
pressed chemically or by irradiation, may be any of various 
suitable strains knoWn to those in the art. The ascites ?uid is 
harvested from the mice and the monoclonal antibody 
puri?ed therefrom, for example, by CM Sepharose column 
or other chromatographic means. Alternatively, the hybri 
domas may be cultured in vitro or as suspension cultures. 
Batch, continuous culture, or other suitable culture processes 
may be utiliZed. Monoclonal antibodies are then recovered 
from the culture medium or supernatant. 

[0024] In addition, the antibodies or antigen binding frag 
ments may be produced by genetic engineering. In this 
technique, as With the standard hybridoma procedure, anti 
body-producing cells are sensitiZed to the desired antigen or 
immuno gen. The messenger RNA isolated from the immune 
spleen cells or hybridomas is used as a template to make 
cDNA using PCR ampli?cation. A library of vectors, each 
containing one heavy chain gene and one light chain gene 
retaining the initial antigen speci?city, is produced by inser 
tion of appropriate sections of the ampli?ed immunoglobu 
lin cDNA into the expression vectors. A combinatorial 
library is constructed by combining the heavy chain gene 
library With the light chain gene library. This results in a 
library of clones Which co-express a heavy and light chain 
(resembling the Fab fragment or antigen binding fragment of 
an antibody molecule). The vectors that carry these genes 
are co-transfected into a host (e.g. bacteria, insect cells, 
mammalian cells, or other suitable protein production host 
cell.). When antibody gene synthesis is induced in the 
transfected host, the heavy and light chain proteins self 
assemble to produce active antibodies that can be detected 
by screening With the antigen or immunogen. 

[0025] Antibodies that are immunologically speci?c to 
NGF, or speci?c epitopes thereof, may be utiliZed to quan 
tify the protein utiliZing techniques such as Western blotting 
and ELISA, or to immuno-precipitate NGF from a sample 
containing a mixture of proteins and other biological mate 
rials. The methods and kits of the present invention are 
further suitable for use With surface-enhanced laser desorp 
tion ioniZation-time of ?ight (SELDI-TOF), Which is 
another proteomic technology involved in quantitative 
analysis of protein mixtures. This technique utiliZes stainless 
steel or aluminum-based supports, or chips, engineered With 
chemical (hydrophilic, hydrophobic, pre-activated, normal 
phase, immobiliZed metal a?inity, and cationic or anionic) or 
biological (antibody, antigen binding fragments (e.g. scFv), 
DNA, enZyme, or receptor) bait surfaces of 1-2 mm in 
diameter. These varied chemical and biochemical surfaces 
alloW differential capture of proteins based on the intrinsic 
properties of the proteins themselves. SolubiliZed tissue or 
body ?uids in volumes as small as 0.1 ul are directly applied 
to these surfaces, Where proteins With a?inities to the bait 
surface Will bind. Following a series of Washes to remove 
non-speci?cally or Weakly bound proteins, the bound pro 
teins are laser desorbed and ioniZed for mass spectrophoto 
metric analysis. SELDI-TOF technology can further be 
coupled With tandem mass spectrometers for protein iden 
ti?cation. 
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[0026] While immunoassays are preferred embodiments 
of the present invention due to their ease of use, other 
techniques for the detection and measurement of serum 
and/or plasma NGF levels are Within the scope of the present 
invention. 

[0027] Serum or plasma levels of NGF predictive of an 
occurrence of arrhythmia may be determined With reference 
to the normal baseline NGF levels in a patient and/or patient 
population. For example, a 2.5-fold or greater increase in 
serum or plasma NGF may be used as predictive of an 
occurrence of arrhythmia. Upon detection of an increase in 
serum NGF levels, the patient or physician may then take 
precautionary or therapeutic measures to avoid or reduce the 
likelihood of an impending cardiac arrhythmia or other 
diseased condition of the heart. The physician can then 
administer suitable therapeutic drugs or adjust the drug 
dosage for patients already receiving therapy and thus 
prevent arrhythmia, ischemia or sudden death. Suitable 
therapy for use in connection With the methods and systems 
are knoWn in the art and may include any one or a combi 
nation of the folloWing: delivering one or more pharmaco 
logical agents; stimulating myocardial hyperinnervation in 
the sinus node and right ventricle of the heart of the patient; 
and cardiac pacing, cardioversion, or de?brillation shocks. 
Pharmacologic therapeutic agents may include those Which 
are knoWn to exert an anti-arrhythmic effect, such as sodium 
channel blockers, [3-blockers, potassium channel blockers, 
such as amiodarone and solatol, and calcium channel block 
ers, such as verapamil and diltiaZem. 

[0028] Other suitable anti-arrhythmic pharmacologic 
agents include anti-convulsant agents, such as phenytoin, 
carbamaZepine, valproate, and phenobarbitone. Anti-con 
vulsants Work by selectively suppressing high frequency 
neuronal discharges in the central and peripheral nervous 
system. Anti-convulsants are also knoWn to suppress cardiac 
sympathetic nerve discharges. Because of the importance of 
the autonomic nervous system in arrhythmogenesis, drugs 
that prevent the release of adrenergic neurotransmitters may 
thereby decrease the sympathetic out?oW are useful for 
controlling cardiac arrhythmia. 

[0029] It has been shoWn, for example, that phenytoin can 
also be used to suppress cardiac arrhythmia induced by 
digitalis toxicity. The action of phenytoin is related to use 
and frequency-dependent selective suppression of high 
frequency neuronal activity. The molecular mechanism for 
this is a voltage-dependent blockade of membrane sodium 
channels responsible for the action potential. Through this 
action, phenytoin obstructs the positive feedback that under 
lies the development of maximal seiZure activity. 

[0030] Anti-convulsants may block the sympathetic nerve 
discharges through tWo actions. One is frequency-dependent 
block of sodium currents and the second is a block of 
calcium currents. A combined channel blockade may 
account for the effects of anticonvulsant drugs. In addition 
to epilepsy, anti-convulsants, such as phenytoin and carbam 
aZepine, are also useful in treating neuropathic pain, Which 
is characterized by abnormal spontaneous and increased 
evoked activity from damaged areas of the peripheral ner 
vous system. 

[0031] Other suitable pharmacologic agents may also be 
used for the treatment of myocardial ischemia and may 
include, but are not limited to, statins, angiotensin-conver‘t 
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ing enzyme (ACE) inhibitors, aspirin, beta blockers, calcium 
channel blockers, and nitrates. 

[0032] The methods and kits described herein are merely 
illustrative of the principles of the invention Which may be 
implemented in alternative embodiments to achieve other 
ends than those speci?cally described herein. Accordingly, 
the following examples are set forth for the purpose of 
illustration only and are not construed as limitations on the 
methods and kits disclosed herein. 

EXAMPLES 

Example 1 

Plasma Nerve GroWth Factor Concentrations and 
the Recurrence of Atrial Fibrillation After Catheter 

Ablation 

[0033] Previous reports have indicated that radiofre 
quency catheter ablation (RFCA) in humans is associated 
With a signi?cantly increased plasma nerve groWth factor 
(NGF) concentration. Whether or not the magnitude of NGF 
increase is predictive of post-ablation atrial ?brillation (AF) 
recurrence is not clear. 17 patients Who underWent RFCA for 
(AF) (N=l5), or With atrial ?utter (N =2) Were studied. The 
latter 2 patients also had AF before procedure. The mean age 
Was 5118.8 years and 12 patients Were men. The procedure 
time Was 308158 min for AF ablation, Which included Lasso 
guided 4 pulmonary vein (PV) ostial ablation and creating 
cavotricupid isthmus block. The procedure times Were 
165163 min for atrial ?utter ablation, Which included cavot 
ricuspid isthmus block only. Average RF application Was 
73.5115.2 min for AF and 52.9147 min for atrial ?utter. The 
patients Were folloWed up for 1111 months during Which 6 
patients had recurrent AF (N =5) or atrial ?utter (N=1). In 2 
of the 6 patients, the AF Was transient. The remaining 11 
patients had no recurrence of arrhythmia. The 6 patients With 
AF recurrence had NGF increased from 7.3613.01 ng/ml 
(immediately after ablation) to 36.60126.63 ng/ml in post 
operative day (POD) 1 and 30.01119.81 ng/ml in POD 2. 
The average increase Was 5.0513.75 fold (range 1.77 to 
11.83) in POD 1. In contrast, the 11 patients Without AF 
recurrence had NGF increased from 17.21112.93 ng/ml 
(immediately post-ablation) to 26.43117.60 ng/ml in POD 1. 
The average increase Was 1.7910.57 fold (range 0.88-2.53, 
P=0.039 compared With patients With recurrence) in POD1. 
Among the 6 patients With recurrent AF or ?utter, 4 had an 
NGF increase of >253 fold. Therefore, a NGF increase of 
>253 fold in POD1 is associated With 67% probability of 
post-ablation arrhythmia recurrence. On the other hand, if 
the NGF increase is 22.53 fold, there is an 85% (11/13) 
probability that the patient Will be arrhythmia-free during 
folloW up. Thus, it Was found that there Was a signi?cant 
association betWeen the magnitude of NGF increase and the 
post-ablation AF recurrence in patients undergoing radiof 
requency catheter ablation. 

Example 2 

Elevation of Aortic and Coronary Artery Nerve 
GroWth Factor folloWing Acute Myocardial 

Infarction in Humans 

[0034] In a canine model, acute myocardial infarction 
(AMI) results in an upregulation of nerve groWth factor 
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(NGF) expression in the myocardium With peak activity at 
1 Week after MI. The total blood NGF rapidly increased after 
AMI, and stayed high for at least one month. The increased 
NGF Was associated With cardiac nerve sprouting, Which 
contributes to arrhythmogenesis after MI. It Was hypoth 
esiZed that human patients With AMI might shoW similar 
increases in NGF levels With its resulting consequences. 

[0035] Methods. Blood Was draWn simultaneously from 
aorta and culprit coronary artery in ten AMI (acute myocar 
dial infarction) patients undergoing urgent cardiac catheter 
iZation. Serum NGF concentrations Was quanti?ed by using 
enZyme-linked immunosorbant assay. In each patient the 
time betWeen blood sampling and the onset of chest dis 
comfort Was recorded 

[0036] Results: There Were 9 males and 1 female. The 
mean age Was 63 yrs (range 42 to 82). There Was no 
signi?cant difference betWeen the aortic and coronary arte 
rial NGF levels in each patient. Patients With AMI>6 hours 
had signi?cantly higher aortic (2351131 ng/ml) and coro 
nary artery (2251128 ng/ml) NGF levels than patients With 
AMI<6 hours (58171 ng/ml and 531131 ng/ml, respectively, 
p=0.036 for both comparisons). The large standard deviation 
indicates a large individual variation of the NGF concentra 
tion. There is a good linear correlation betWeen the time 
since the onset of chest pain and the NGF levels in the aorta 
(r=0.80, p=0.0057) and in the coronary artery (r=0.81, 
p=0.0048). One patient With a highly elevated NGF level 
(447 ng/ml) developed ventricular tachycardia nine months 
later, documented by an implantable cardioverter-de?brilla 
tor. 

[0037] Conclusion: There is a time-dependent increase in 
systemic NGF concentrations in AMI patients. Increased 
NGF concentrations folloWing AMI may cause increased 
cardiac nerve sprouting, resulting in an increases risk for 
serious ventricular arrhythmias. 

What is claimed is: 
1. Amethod for determining an increased likelihood of the 

occurrence of a human cardiac arrhythmia, myocardial 
ischemia, a congestive heart failure and other diseased 
condition of the human heart comprising: 

measuring the serum levels of nerve groWth factor (NGF) 
in a human subject; and 

comparing the measured NGF serum level With the nor 
mal NGF level. 

2. The method of claim 1 Wherein the normal NGF level 
is about 10 mg/ml. 

3. Amethod for determining an increased likelihood of the 
occurrence of a human cardiac arrhythmia, myocardial 
ischemia, a congestive heart failure and other diseased 
condition of the human heart comprising: 

measuring the serum levels of nerve groWth factor (NGF) 
in a human subject; and 

determining if the measured NGF serum level is greater 
than about 25 mg/ml. 

4. A method for treating the occurrence of a human 
cardiac arrhythmia, myocardial ischemia, a congestive heart 
failure and other diseased condition of the human heart 
comprising: 

measuring the serum levels of nerve groWth factor (NGF) 
in a human subject; 
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comparing the measured NGF serum level With the nor 
mal NGF level of about 10 mg/ml; 

determining if the measured NGF serum level is greater 
than about 25 mg/ml, and if so, administering suitable 
therapy. 

5. The method of claim 4 Wherein the therapy is delivering 
one or more pharmacological agents. 

6. The method of claim 4 Wherein the therapy is stimu 
lating myocardial hyperinnervation in the sinus mode and 
right ventricle of the patient heart. 

7. The method of claim 4 Wherein the therapy is cardiac 
pacing. 
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8. The method of claim 4 Wherein the therapy is cardio 
version. 

9. The method of claim 4 Wherein the therapy is de?bril 
lation shock to the patient heart. 

10. The method of claim 5 Wherein the pharmacological 
agents are further described as sodium channel blockers, 
[3-blockers, potassium channel blockers, such as amiodarone 
and solatol, and calcium channel blockers, such as verapamil 
and diltiaZem and phenytoin, carbamaZepine, valproate, and 
phenobarbitone. 


